Abstract-The purpose of this study was to assess exposure to unsafe rural drinking water quality which is the core problem of rural drinking water safety and evaluate the risk of rural drinking water quality among the Rain City District of Ya'an, Sichuan Province, China population. The study calculated the carcinogenic risk ( 
I. INTRODUCTION
The pollutants in the water can be classified into contaminants of biological origin, physical origin and chemical origin according to their properties [1] . The threat of drinking water quality safety comes mainly from chemical pollution [2] . The chemical pollutants can be divided into carcinogenic pollutants and non-carcinogenic pollutants according to their different perniciousness to human. U.S.EPA(United States Environmental Protection Agency), IARC (The International Agency for Research on Cancer) and USDOE （U. S. Department of Energy） provide a great many data about the perniciousness of chemical pollutants to human health [3, 4, 5] . It is essential to carry out total health risk assessment in the safety management of drinking water quality. Through the health risk degree assessment of drinking water source, the comprehensive conclusion of water source quality which is represented by the risk degree of health hazard can be got directly. So, the primary and secondary of the pollutants in waters and priority setting of governance can be determined [6] . Currently these studies are necessary and helpful to understand the problems of drinking water risk and their status, and then the priority in next step can be appropriately set. Clean drinking water is fundamental to the health and welfare of the world people. It is very important to prevent water any quality deterioration. Prevention of water pollution is more important and practical than the remediation of contaminated water. Water quality protection should start from the source, at catchment or watershed scale.
This study took Rain City District of Ya'an in Sichuan Province of China as an example. Based on the analysis of testing result of 12 rural water sources and through the selection, source identification, pollution load monitoring of the pollutants which affect water source quality mostly and the epidemiological survey, the health risk assessment model recommended by U.S. National Research Council of National Academy of Science was applied to calculate and study the carcinogenic risk and non-carcinogenic risk of the items exceeding the standard value in the source water, such as fluoride, nitrate, Fe, Mn, As, Cr 6+ , Pb, Cd, Hg, etc. By applying ArcGIS of ESRI （Environmental Systems Research Institute, any GIS that allows vector and raster processing would work) and this study also did the spatial interpolation analysis in accordance with the various calculated carcinogenic risk（R）and noncarcinogenic risk (hazard index, HI) of each water quality monitoring sites and formed a series of thematic maps about R and HI. The above mentioned research results provided reliable guarantee for the water quality risk prediction and assessment in the study area. Besides, the untreated and seriously polluted groundwater affects 1517 residents and other drinking water affects 10104 residents. It is urgent and essential to make health risk assessment actively and improve the rural drinking water conditions in this area.
B. Models, Parameters and Criteria
The health risk assessment process recommended by U.S.EPA mainly includes: Data collecting and evaluating; Exposure assessment; Toxicity assessment; Risk characterization. Health risk management of water environment is a neonatal management philisophy that further developed from water environment management. It is the concretized management which focus on the actual situation of regional water environment and carries out risk management to ensure the health and safety of regional water environment on the basis of regional water environmental risk analysis and assessment. In this study, models and parameters were used as references [7] .
C. Samples Investigation
In 2005,12 water samples were collected (see in Fig.1 ) and 21 indexes were under detection, including physical water quality index (color, turbidity degree, offensive odor, visible materials by bare eye), hydrochemical index(PH, COD, total hardness, total dissolved solid, chloride, sulfate), toxicology index (Fe, Mn, Fluoride, As, Hg, Cd, Cr, Pb, Nitrate) and bacteriology index (faecal coliforms, total coliforms), etc. Depending on whether the water quality indexes of the detected water were harmful to human body or not, 9 chemical toxicology indexes of health risk assessment, i.e., Fe, Mn, Fluoride, As, Hg, Cd, Cr, Pb and Nitrate, were then selected and assured.
III. RESULTS AND DISCUSSIONS

A. Single Factor Assessment of the Carcinogenic Risk
According to the assessment models of carcinogenic risk and health risk assessment parameters, single factor assessment results of the carcinogenic risk about water quality of Rain City District of Ya'an were calculated, and then the thematic maps of single factor risk values of various types of carcinogen were made (shown in Fig.2 ). 
B. Single Factor Assessment of the Non-carcinogenic Risk
According to the assessment models of non-carcinogenic risk and health risk assessment parameters, single factor assessment results of non-carcinogenic risk were calculated, and then the thematic maps of single factor risk values of various types of non-carcinogen were made (shown in Fig.3 ). From Fig.3 , all of the non-cancerous hazard indexes of the water sources were less than the limit value, i.e. 1, and would not harm the local people. But 
C. Total Risk Assessment of Water Quality of the Integrate Factors
Summed up the carcinogenic risk (R) of single factor of each water source respectively, the total risk of integrate factors of carcinogen of these water sources obtained (shown in Fig. 4) . The R values about water quality of Rain City District of Ya'an were analyzed in ArcGIS, and then the thematic maps were made. From Fig.4 , the total risk of carcinogenic integrate factors distributed in 12 water sources were at the level of 10 -4 -10 -5 , all of the 12 drinking water source investigation sites exceeded the drinking water management standard value of EPA (the limit value is 10 -6 ). Among the 12 water sources, the carcinogenic risk of No.4 exceeded up to about 120 times; No.1-3, 5-6 exceeded up to about 99 times; No.7, 9-12 exceeded up to about 94 times; No.8 exceeded up to about 95 times. About 147257 residents are exposed to such drinking water environment.
Summed up the non-carcinogenic risk (Hazard Index, HI) of single factor of each water source respectively, the total risk of integrate factors of non-carcinogen of these water sources obtained. Distribution of total hazard index of non-carcinogenic integrate factors can be seen in Fig.5 . The HI values about water quality of Rain City District of Ya'an were analyzed in ArcGIS, and then the thematic maps were made. Hence there were tendency of producing non-carcinogenic, chronic and poisoning effects on drinking crowd, about 105757 residents are exposed to such drinking water environment. Thus, chemical carcinogens and non-carcinogens were primary and should be removed accordingly. The effective way of decreasing the health risk and hazard was to control and dispose the rural drinking water containing Fe, Mn, fluoride(F), Hg, Cd, Cr 6+ and Nitrate. The results provided important information of water quality control and the early warning for rural drinking water.
IV. Conclusions
Results of this study provided more deeply and broadly scientific information to the management and protection of rural water source in Rain City District of Ya'an, Sichuan Province, China. This study expounded the water environmental risk level of rural drinking water in the research area, and the primary and secondary of pollutants and the priority of treatment of the pollutants. By doing these may provide the scientific basis for the risk management of drinking water quality in research area, and also provided the new mode and technical platform for water quality protection in rural water sources.
Based on ESRI's ArcGIS, we did the store, the calculation, the analysis, the simulation and the display with the data of water quality of water sources. Then, thematic maps of spatial distribution of water quality risk had been drawn duly, and meanwhile the real-time monitoring, assessment and dynamic management of healthy risk of water quality of water sources were implemented. The using of ArcGIS in health risk evaluation on water quality of rural water sources has the following outstanding features such as rapidity, high accuracy, ability of dynamic monitoring, visualization and so on. A series of works done through the ArcGIS platform, such as the information input, the management, the inquiry, the analysis and the output, had provided important ways for dynamic assessment of regional water quality risk. ArcGIS integrated data from different sources, and demonstrated and made full use of the spatial information, so as to make the interpretation to the result more reasonable.
In this study, the data accuracy wasn't well satisfied the demand of water quality assessment of regional micro-scale, far more samplings of the areas with poor water quality was still needed. In the subsequent researches, detecting instruments with higher accuracy needed to detect the quality of water sources, in order to obtain more meticulous analysis and assessment. Further analysis and assessment were recommended for the next step of research work.
In this study, the exposure way just took average drinking intake into consideration which excluded other toxic substances and their routes, for instance, inhaling by dermal touch and the form of steam and dieting. Actually, the exposure risk of pollutants was underestimated. The exposure risk by drinking was also closely bound up with residence time of water in domestic pipe network, consumer's life style, consuming habit and career. So more complicated exposure assessment method was needed to get the average exposure dose by consumer touch, the daily distribution of pollutants exposure dose and the main exposure chance that individual was affected by pollutants.
